The inhibition performance of Flubendazole (FBZ) drug on the corrosion of the 6061Al-Si alloy in 0.1M HCl has been observed by AC impedance (EIS), Tafel diagrams, electrochemical frequency modulation (EFM) and mass loss (ML) methods. The inhibition efficiency (IE) rises by raising the Flubendazole extent (FBZ) and diminished by raising the temperature. Polarization curves have shown that the Flubendazole acts as a mixed-kind inhibitor. FBZ adsorption on the alloy surface was obeying Temkin isotherm. Thermodynamic adsorption functions (ΔG°a ds , ∆H°a ds and ∆S°a ds ) and the activation parameters (E * a ,Δ * ,Δ * ) were calculated and analyzed. Surface analysis using Scanning Electron Microscopy (SEM) has confirmed the existence of a protective film of drug molecules onto Al alloy surface. The surface analysis of Al alloy was performed by scanning electron microscope (SEM), AFM (atomic force microscopy) and (FT-IR) Fourier transform infrared spectra.
INTRODUCTION
Aluminum is used in several industrial and engineering applications as a result of its cost effectiveness and excellent properties. Therefore, Aluminum and its alloys are used in various environments containing acids, alkalis and salt solutions where they undergo corrosive attacks [1] . The most effective and practical method to decrease corrosion processes is the addition of inhibitors to the metal's environment. Foregoing studies showed that heterocyclic compounds are employed as corrosion inhibitors because of the presence of a number of active centers (O, N, S, P, and π electrons) which can form a protective thin film on a metal [2] . Drugs are a better choice due to the fact that they are environmentally nonthreatening and contain amazingly amusing source of naturally synthesized organic compounds. The choice of some drugs used as corrosion inhibitors is based on the following justifications: (a) drugs are mainly soluble in aqueous media, (b) drug molecules contain O, N and S as donatin centers, (c) drugs are non-polluted and (d) drugs can be easily synthesized [3] [4] [5] [6] . Some drugs were reported in the literature as effective corrosion inhibitors in acidic media such as: streptomycin [7] , sulfacetamide [8, 9] , sulfadiazine and sulfamethazine [10] , rhodanine [11] , orphenadrine [12] , sparfloxacin [13] , cefazolin [14] , trimethoprim [15] , cefepime and cefoperazone [16] , tramadol [17] , cefalexin [18] , cefixime [19] , mebendazole [20] , cefadroxil [21] , ciprofloxacin, norfloxacin and ofloxacin [22] .
The current study reports the performance of Flubendazole, the objective of this research is to examine the inhibiting behavior of Flubendazole on the corrosion of Al-Si alloy in 0.1 M HCl utilized chemicals and electrochemical tests. The sample surface analyses were also analyzed.
MATERIALS AND TECHNIQUES

Materials and solutions
The metal sample conformation in weight % is: Si 0.67, Fe 0.19, Cu 0.24, Mn 0.01, Mg 1.00, Cr 0.05,Zn 0.01,Ti 0.02 and Al the rest Table 1describs the Flubendazole (FBZ) structure. 
Inhibitor
Chemicals and solutions
Al-Si alloy specimens were used. The aggressive medium used is HCl 37%. Solutions of 0.1 M HCl were prepared by dilution with distilled water. The Flubendazole stock solution 10 3 ppm was used to prepare (50, 100, 150, 200 , 250 and 300 ppm).
Methods
Mass loss (ML) technique
The coins with size (2 × 2 × 0.2 cm) x2 were dipping in 0.1M HCl (100 ml) and with (50-300ppm) of FBZ are set in water thermostat. After 3 h the samples were removed, rinsed, dried, and weighed again. The % IE and the θ were founded by (1): % IE = θ x 100 = [(Wº − W) ∕ Wº] ×100 (1) Where W o and W are the weights of nonexistence and occurrence of FBZ, individually.
Potentiodynamic polarization (PP) technique
This technique was done in a typical three compartment glass cell. The potential range was (-1.0 to -0.6V vs. SCE) at OCP with a scan rate 1 mVs -1 .
EIS technique
This technique was done by AC signs of 5 mV peak to peak amplitude and at frequency range of 10 7 Hz to 0.1 Hz. The (% IE) and θ were founded from eq. (2) [23] :
Where, R°c t and R ct are the charge transfer resistances without and with FBZ, individually.
2.4.4-EFM test
This technique used two frequencies of range 2 and 5 Hz depended on three conditions [24] . The (i corr ), (β c and β a ) and (CF-2, CF-3) (Causality factors) were measure by the greater two peaks [25] .
Surface examinations
Al alloy pieces were dipped in testing solutions for one day. Then, they were polished, dried and analyzed by (SEM), (FTIR) and (AFM).
RESULTS AND DISCUSSION
Potentiodynamic polarization (PP) tests
Tafel curves of Al alloy electrode in 0.1M HCl with and without various contents of Flubendazole can be studied from Figure 1 . From Table 2 FBZ has effect on both of cathodic and anodic processes and the IE rises with rise of the FBZ content. E corr was a little changed, indicating that FBZ acts as a mixed-kind inhibitor. i corr reduced through the FBZ addition to 0.1M HCl. % IE and (θ) were found from eq. 
(EIS) tests
From Figure 2 the semi-circle diameter was raised by increasing of FBZ concentration. Figure  3 indicates the utilizing circuit for fitting the gotten results [26] . The C dl and Y 0 were founded from eq.
(4) [27] :
where ω = 2π f max , f max is the greater frequency and n is the exponential. R ct increases with the rise of the double layer thickness [28] . From Table 3 , the C dl decline as a result of the replacement of adsorbed water molecules by FBZ species [29] . These results prove the occurrence of a protective adsorbed layer. 
(EFM) tests
EFM is characterized by speed and greatly accuracy in calculating the current data [30] . Figure  4 indicates the EFM of Al-Si alloy in 0.1M HCl solution and 300 ppm of FBZ. The EFM parameters such as (CF-2 and CF-3), (β c and β a ) and (i corr ) can be measured from the higher current peaks. The CF is closer to the standard data proved the validity of the calculated data. The IE% increase with the raising of FBZ concentrations. From table (4), the addition of FBZ with different concentrations to the corrosive medium reduces the current density of corrosion, meaning that drug act as inhibitor by adsorption process. 
Mass loss (ML) tests
The reduction in mass of Al alloy can be studied in occurrence of FBZ at 30°C. Figure 5 shows that FBZ decreases the mass reduction and therefore corrosion rate. The (%IE) and then θ, of the FBZ for the Al alloy were founded by eq. (1) [31] . The values of %IE are given in Table 5 . 
Influence of temperature
The results of Table 6 indicate that %IE was reduced with rising of temperature. The decrease in % IE with the rising of the temperature proved the presence of physical adsorption of FBZ drug. The equation of Arrhenius (6) can be used to measure the activation energy (E * a ) of the activated complex [32] :
where E * a is activation energy and T is the absolute temperature. Using Figure 6 , E * a can be measured (Table 7 ). E * a values prove that the higher extents of FBZ impede corrosion effectively by raising the energy barrier of the activated complex and improve that the process is controlled by diffusion [33] .
(Δ H * , ΔS Figure 7 describes the relation between log (C.R. /T) and (1/T) which used to measure the values of ΔH * and ΔS * (Table 7) . In the chemisorption process, enthalpy must be or more than 100 kJ mol -1 [35] . The rise in the (ΔH * ) with the occurrence of the FBZ reflects the rise in the energy barrier of the corrosion procedures.
The negative values of ∆S * shows that during the rate-determining step in the formation of activated complex is highly frequent than the cracking [36] . [37] .
Ө coverage = (2.303/a) Log K ads + (2.303/a) Log C (7) Where K ads is the adsorption constant and C is the FBZ content (M). The ΔG• ads and K ads data are in (10) Figure 9 shows the relation between ΔG o ads and T. A negative sign of ΔS o ads proved that the disorder of corrosion process is decreases by using FBZ (Table 8 ) [40] . This method gives a map about the metal surface where roughness is indicated with an excessive resolve [41] . The 3D images of AFM shown in Figure 10 . From the table, the surface of the Al alloy is more smooth in the presence of the FBZ as a result of FBZ adsorption therefore the acid attack is reduced [42] . Figure 11 , suggests the micrograph given for Al alloy sheets in absence and using 300 ppm of FBZ after dipping for only one day.
(AFM) analysis
SEM test
From SEM image, the Al alloy surface is more degradation due to corrosion attack in the blank solution. The FBZ adsorption on the Al alloy surface, forming the shielding layer resulting in blocking the surface active areas so that the surface become more smooth and protection [43] .
Blank 300 ppm FBZ compound
Figure11. SEM image for Al alloy with and without 300 ppm of study compound after immersion for 24 hours at 25 o C
(FT -IR) analysis
FTIR were performed to confirm the adsorption of FBZ on aluminum surface. The FT-IR can be used to analyze the surface changes to prove the components nature which existed on the surface. The peak at 3306 cm -1 is corresponding to the stretching vibration of the amino group. This peak modified to 3356 cm -1 in the spectrum of the sample collected from the metal surface. Several peaks of FBZ in Figure 12 are modified / disappeared indicates the presence of chemical bonds between nitrogen and oxygen atoms of the FBZ to the metal surface and approve the presence of adsorbed FBZ film on the surface [44] . 
FBZ action mechanism
The Flubendazole action mechanism as a corrosion inhibitor for Al-Si alloy in 0.1 HCl has described by physical adsorption on the alloy surface. This proved from the values of ΔG o ads (less than 20 kJ mol -1 ) and also from the effect of temperature (%IE decreases by raising temperature). This molecule (Flubendazole) will present in the protonated form, so it can adsorb directly on the negative surface of Al alloy [45] in acidic medium by electrostatic attraction as shown below Table ( 10) gives a comparison of %IE with different investigated drugs. The present drug gives considerably significant corrosion %IE compared to other drugs. Thus, the present FBZ drug can be used as corrosion inhibitor with promising results. 
CONCLUSIONS
The FBZ shows the corrosion inhibition for Al alloy in HCl solution, where IE ratio improved by rise of drug concentration. The IE is decreasing with rise of temperature as a result of the destruction of the adsorbed FBZ molecules on the Al alloy surface. The adsorption of Flubendazole on the surface follows Temkin equation. Tafel curves showed that FBZ is mixed-kind inhibitors. (C dl ) reduced by the rise of the FBZ concentration while (R ct ) is rise. The adsorbed layer on the Al alloy surface was proven by AFM, SEM and FTIR analyses.
